IntroductIon
Gene therapy is an emerging field with an increasing number of positive clinical trials. Cancer has been the most common disease addressed due to unmet clinical need and serotype 5 adenoviruses have been the most common vector. Oncolytic viruses are modified so that they selectively replicate in cancer cells and cause cell lysis. Also, it has become evident that the role of the immune system is important in two ways. It may hinder the spread and replication of the virus but if tumor-associated immunological tolerance can be broken by oncolysis-mediated danger signals, it also helps to fight the cancer. [1] [2] [3] [4] The immune system has many effective ways for resisting tumor development, all of which have to be overcome by tumors in situ. Thus, the capacity for immunoevasion is considered as a new hallmark of cancer. 5 Cancer cell lysis and inflammation caused by oncolytic virus can help present tumor-associated antigens (TAA) to immunological cells in the context of "danger signals" which can then result in reactivation of immune responses against the tumor. 6 Therefore, oncolytic viruses can be regarded as personalized anticancer vaccines.
One evident problem with serotype 5 adenovirus (Ad5) is that it uses coxsackie-and adenovirus receptor (CAR)-known to be downregulated in advanced tumors-as a primary entry receptor. 7 In contrast, a receptor that would be regularly present in most tumors would be optimal. The entry receptor(s) for adenovirus 3 has been debated but it seems to be amply present also in advanced tumors, resulting in generation of Ad5/3 chimeric viruses, [8] [9] [10] [11] which are serotype 5 except for the knob of the fiber which is from serotype 3. These viruses were shown to enhance the transduction of CAR low cells. 12 However, a modification in the knob region does not overcome immune responses against other components of the virus 13 and thus the notion of an oncolytic virus based completely on a different serotype is attractive. transient opening of tight junctions between epithelial cancer cells. This increases access to many important receptors trapped in this area (e.g., Her2/neu, EGFR, CAR), offering rationale for potential synergy with other cancer treatments (trastuzumab, cetuximab, Ad5). 16 It was shown that Ad5/3 is capable of binding to this receptor, but its ability to open the tight junction is compromised presumably due to the long fiber of the serotype 5 virus. Another interesting feature of Ad3 is that it produces a million-fold excess of virus-like particles slightly smaller than the Ad3 virus. 17 These particles consist of the viral surface proteins but do not contain the genetic material inside and are thought to be important in the opening of the epithelial junctions. In addition to desmoglein 2, Ad3 might use also other receptors such as CD46. 18 To render Ad3-hTERT-E1A selectively oncolytic, the endogenous E1A promoter was replaced by a human telomerase (hTERT) promoter enabling efficient replication of the virus only in cell with high-telomerase activity-another hallmark of cancer. 5 This virus was then tested in vitro and in vivo and was found to behave differently than Ad5 or Ad5/3 viruses. In vitro the virus was found slower in tumor cell killing, but in vivo the virus was always found to be at least as potent as serotype 5 or 5/3 viruses. 14 The virus retained its oncolytic potency in the presence of anti-Ad5 neutralizing antibodies. Here, we report murine biodistribution and toxicity studies, followed by analysis of safety, efficacy, virological, and immunological analysis of patients treated with Ad3-hTERT-E1A.
results

Preclinical
Ad3 biodistribution. Ad3 biodistribution assay at 6 hours following intravenous injection to immunocompetent mice (Supplementary Figure S1 , N = 5) indicated high (>60 viral particles (VP)/β-actin) virus amount in lung, spleen, liver, blood clot, and bone marrow. These results are similar to previously reports with Ad5 and Ad5/3 and thus the biodistribution of Ad3 in rodents resembles that of Ad5 and Ad5/3 9, 12, [19] [20] [21] All other organs had low (<10 VP/β-actin) amounts of virus. Without heparin, 10 6 VP/ml was found in the clot and only 2 × 10 4 VP/ml in the serum. When analyzing heparin tubes 3 × 10 5 VP/ml was found from the plasma and only 4 × 10 3 VP/ml from the erythrocytes. These findings indicate that most of the virus in mouse blood is found from the peripheral blood mononuclear cells (PBMC) and platelets.
Acute immunological toxicity. Acute immunological toxicity was accessed by injecting immunocompetent mice intravenously and collecting blood samples 6 hours later (Supplementary Figure S2) . Ad3 elicited higher Rantes, tumor necrosis factor-α, and interleukin-6 proinflammatory cytokines than Ad5 or Ad5/3 control viruses suggesting that Ad3 can activate mouse macrophages and T-cells. However, the levels of these cytokines were well below concentrations associated with toxicity. [22] [23] [24] Toxicity assays. Toxicity assays performed in immune competent mice (N = 5 per group) indicated that Ad3wt and Ad3-hTERT-E1A were less toxic than Ad5wt or Ad5/3delta24 (Supplementary Figure S3) . At 72 hours, mice in the latter two groups appeared ill and livers were macroscopically yellow. No signs of toxicity were seen in any other organs examined (heart, lung, intestine, kidney, spleen, pancreas, brain, testicle, and muscle) in mice treated with Ad3-hTERT-E1A, Ad3wt, or phosphate-buffered saline. Ad5wt showed 36-fold and Ad5/3delta24 showed 176-fold higher liver enzymes than mock. Other groups displayed only minor elevations in liver enzymes (Ad3wt and Ad3-hTERT-E1A threefold, Ad5/3-hTERT-E1A fivefold) compared to the mock group. Analysis of other blood values showed nonspecific thrombocytopenia but no changes in leukocytes or other parameters.
clinical Baseline characteristics. Baseline characteristics of the 25 patients treated with Ad3-hTERT-E1A can be seen in Table 1 . The patients had a wide variety of cancer types and were heavily pretreated with a median of three chemotherapy regimens. About half of them had been previously treated with serotype 5 oncolytic adenovirus while the other half received Ad3-hTERT-E1A as a first oncolytic virus treatment. Patient by patient cancer treatments can be found from Supplementary Table S2 .
Adverse reactions. Adverse reactions are described in Table 2 . No serious adverse events leading to patient hospitalization were encountered and the only severe events were asymptomatic and Abbreviation: NSCLC, nonsmall-cell lung carcinoma.
self-limiting hematological findings. Therefore, no dose-limiting toxicity was seen. Typically, the patients suffered from mild flulike symptoms: chills, fatigue, fever, and nausea were present in about half of the patients, as was injection site (=tumor) pain. Almost all patients displayed lymphocytopenia and some showed minor elevation of aspartate aminotransferase. A transient decrease in hemoglobin was also seen in many patients. If the patient had a grade × symptom before treatment and it worsened to grade Y, it was scored as grade Y (not Y-X). For example, the hemoglobin of patient P297 was 100 g/l before treatment and 79 g/l the day after treatment and was thus scored as grade 3. A decrease in hemoglobin has been consistently reported in patients treated with oncolytic adenovirus 25, 26 and may be a general phenomenon related to virus treatment but not to binding of the virus to erythrocytes directly since this was not seen in our patients (Supplementary Table S1 ). However, many cancer patients had baseline anemia caused by the cancer and dilution of blood from the 3,000 ml of fluids the patients received on the treatment day may also have contributed to hemoglobin readings. Few patients reported also mild diarrhea. No correlation of adverse reactions with e.g. previous serotype 5 treatments, virus dose, or route of administration was found.
Patients first treated with Ad5 and then with Ad3 experienced prolonged lymphocytopenia (P <0.05 between Ad5 pretreated and naive patients), which was not seen in patients that received Ad3 as a first treatment, nor was it seen when these Ad3-treated patients received Ad5 as a second treatment (Figure 1) . In attempt to dissect reasons for the lymphocytopenia we assessed antiviral and antitumor T-cells in the blood of the patients (Figure 1b,c) . Before Ad3-hTERT-E1A treatment, we saw some T-cell activation against serotype 3 hexon in Ad5 pretreated patients (median 15 spot-forming units), but none in naive patients, perhaps suggesting some crossreactivity between T-cell epitopes. 27 Interestingly, after Ad3-hTERT-E1A treatment median antiviral T-cells in the Ad5 pretreated group remained stable (13 SPU) whereas T-cells in the non-pretreated group showed an increase (median 79 spot-forming units). On a patient level, there was variation in the former group whereas all patients showed an increase in the latter. With regard to TAAs, we used survivin and one other TAA mix (selected individually for each tumor on the basis of a literature search) for each patient. While changes in the overall activity of T-cells were seen in most patients, suggesting immunological activation, we could not see any clear correlation with Ad5 pretreatment.
Ad3-hTERT-E1A was detected in blood for weeks ( Table 3 ). Patients that received >10 12 VP had a median of 5,800 VP/ml in blood the following day and 8/9 patients were positive at 3 and 6 weeks. Patients that received <10 12 VP had a median of <125 VP/ml in the blood the following day, but 2/6 patients were still detected positive at 3 and 6 weeks. Roughly 10 times more virus was usually detected from the clot, compared with serum. This finding however displayed considerable variance and sometimes even with the same patient more virus was detected from the serum than from the clot. No clear correlation between pretreatment status, neutralizing antibody titer and the amount of virus in blood could be seen.
Neutralizing antibody assay. Neutralizing antibody assay was performed separately against serotype 3 and 5. Interestingly most patients had Ad3 NAbs already before treatment (median 256) suggesting previous natural Ad3wt infection. As expected, no significant difference was found between the serotype 5 pretreated and non-pretreated patients with regard to baseline Ad3 NAbs. In contrast, patients previously treated with Ad5 had higher Ad5 NAbs (P < 0.05). Proving complete lack of cross-neutralization, median Ad5 NAb titer did not increase as a result of the Ad3-hTERT-E1A treatment while the Ad3 NAb titer became a median of 64-fold higher.
Blood samples of the first two patients treated with a low dose (10 10 VP) of Ad3-hTERT-E1A were taken at 10 minutes, 2, 6, and 20 hours (Supplementary Table S1 ) and different blood compartments were analyzed. While most of the virus seemed to be cleared from the blood in minutes, no virus was ever detected in red blood cells. At 10-minute virus was detected in PBMC, plasma and platelet compartments while later it was mainly seen in PBMCs and plasma.
Objective evidence of possible antitumor activity (stable disease or better in RECIST, positron emission tomography (PET) criteria or tumor markers) were seen in 15 out of 23 (= 65%) evaluable patients. Most patients (22/25) received a serial treatment (three different viruses at a 3-week interval followed by imaging with the same method as done at baseline) and thus were not radiological evaluable for Ad3-hTERT-E1A effect only ( Table 4) . Of the 16 patients that could be evaluated for Ad3-hTERT-E1A only, 12 (75%) showed disease control. In 15 cases tumor markers were measured immediately before and 3 weeks after treatment while patient S171 was imaged with computer tomography (CT) immediately before and 1 month after the virus. 11 out of 15 patients (= 73%) analyzed for tumor markers had signs of antitumor activity. Two complete responses (mCR) were noted via normalization of CEA and CA15-3 in patients R217 and R263, respectively. Patient K260 had a high CEA level of 854 before treatment and was after treatment graded as a partial response (mPR) due to a drop to 460. CA12-5 of R218 had previously been elevated and changes had correlated with treatment efficacy. However, before treatment with Ad3-hTERT-E1A, her CA12-5 was within normal limits but decreased further (15->10) and this was therefore scored as a partial marker response (mPR). H309 was graded as minor response (mMR) in CA19-9. Patients O14, R8, R277, K236, P297 were graded stable disease (mSD) and rest as progressive disease (mPD).
Correlation between objective signs of antitumor activity and survival. If we focus on patients that survived <100 days (N = 4), all evaluable cases had progressive disease. In contrast, all patients that survived over 300 days (N = 8) showed objective signs No prestimulation or clonal expansion of PBMCs was done in these assays and thus the results indicate the actual frequency of these cells in blood. Survivin was analyzed from all patients. SSX2 was analyzed from S171, T181, O14, S119, H309. CEA from H305, K260, V264, K253, K304, R218, R8, and PSA from P284. Unstimulated is shown. Bars mean + SD. of antitumor activity in efficacy evaluations. Obviously larger patient numbers are needed to reliably study possible surrogate endpoints. Nevertheless, another tantalizing finding is that 5 out of 6 evaluable patients that received 100% of the virus through the intravenous route featured disease control. 
Patient examples
All five breast cancer patients showed objective evidence of possible anticancer activity (markers: mCR 2, mPR 1, mSD 2, Table 4 ). CR continues, i.e., patient had measurable metastases earlier but was at CMR already prior to Ad3-hTERT-E1A. However, lack of progression could be a sign of antitumor activity. e Some sign of efficacy (e.g., some tumors responded but progression in other sites) was seen in 6 of the 11 progressing patients.
f CT immediately before and 1 month after Ad3-hTERT-E1A; not a serial treatment. n CA12-5 had previously been elevated and changes had correlated with treatment efficacy. Therefore, even though it was within normal limits before Ad3-hTERT-E1A the 30% decrease (15->10) seen is compatible with antitumor efficacy. No other tumor types yielded such provocative data but the number of patients was smaller for many of them. Two patients who received concurrent trastuzumab showed a drop in tumor markers (CEA 11->5 and CA12-5 15->10, and the former was graded as mCR) after the administration of the Ad3-hTERT-E1A virus. This was the first virus treatment these patients had ever received and both had progressed on trastuzumab previously. Both patients received a fully intravenous high dose of Ad3-hTERT-E1A and experienced prolonged survival (both alive at 310 and 630 days, respectively). Of all of the 25 patients treated with Ad3-hTERT-E1A, only these two received trastuzumab as a concominant therapy so no conclusions can be drawn but the data is compatible with an additive effect between Ad3 and trastuzumab as proposed in preclinical studies. 15 For patient S171 long-term radiological follow up was possible without confounding from other treatments. The patient had metastatic malignant fibrous histocytoma and had been heavily pretreated with multiple operations and chemotherapeutics, but the disease was progressing before virus therapy. He was initially treated with five Ad5-based treatments over 6 months but CT scans suggested progression. He was then treated with a single round of Ad3-hTERT-E1A and CT scans were taken before, 1 month and 4 months after the Ad3-hTERT-E1A treatment (Figure 2) . Reduction of the largest injected tumor was seen and the overall situation was stable according to RECIST. At 4 months, the injected tumors were still stable (N = 5, -0.4%) but noninjected tumors had grown and progressive disease was diagnosed. Patient N227 showed high blood virus titers for up to 6 weeks suggesting emphatic replication. The patient was a 3-year-old female with neuroblastoma. Before virus treatment, she had received seven rounds of chemotherapy and radiation therapy but the NSE tumor marker was rising and bone marrow immunofluorescence showed more malignant cells than before. Progressive disease was therefore present and she was treated first with an Ad5-based oncolytic adenovirus. After administration of Ad3-hTERT-E1A (her second oncolytic virus), high-virus titer was found in blood on day 1 ( Table 3) . On day 3, 310,000 VP/ml from serum and 261,000 VP/ml from blood clot were detected suggesting replication of the virus. Virus was detected at 3 weeks and even at 6 weeks 600 and 7,400 VP/ml were present in the serum and clot, respectively. At 6 weeks bone marrow aspirate immunofluorescence and biopsy were performed and found free of malignant cells, in contrast to the samples taken before oncolytic virus treatment. Tumor marker NSE-progressing prior to therapydecreased from 25-21 in 3 weeks which was graded as mMR.
Patient H305 is a 58-year-old male with pancreatic cancer who had been operated a year before and multiple lines of chemotherapy had been tried. He received Ad3-hTERT-E1A as a first and also as a second virus treatment three weeks later. Low but persistent virus was still seen in the serum before the second treatment. Before the third treatment [Ad5-based Icovir-7 (ref. 28) ] no Ad3-hTERT-E1A could be detected from serum but 3 and 19 days later Ad3-hTERT-E1A re-emerged with titers of 210 and 900 VP/ ml, respectively (Supplementary Figure S4) .
Ad3-hTERT-E1A increased in six out of nine evaluable patients in serum and/or clot after Ad5 treatment (K304, H305, N227, O14, S171, H309). Motivated by this finding we also assessed if Ad3-hTERT-E1A treatment would result in re-emergence of serotype 5 virus into blood. Interestingly, five out of the seven evaluable patients previously treated with an Ad5-based virus showed reappearance of the Ad5 virus to the clot and/or serum after Ad3-hTERT-E1A treatment (K214, S212, R217, S119, N227).
dIscussIon
In biodistribution assays in mice at 6 hours Ad3 was still present in blood. High amounts of proinflammatory cytokines were seen suggesting that serotype 3 is potent in activating T-lymphocytes (RANTES, interleukin-6) and macrophages (tumor necrosis factor-α, interleukin-6). Activation of multiple proinflammatory cytokines has been suggested to correlate with cytolytic function and in vivo activity. 29, 30 Whether serotype 3 truly is more immunogenic in mice or whether the higher amount of cytokines is due to the prolonged presence in blood due to lack of high-avidity entry receptors, resulting in eventual uptake by e.g., macrophages, are interesting subjects for further study.
According to the murine toxicology results at 72 hours, serotype 3 seems to be safer than serotype 5 or 5/3 viruses. When comparing Ad5/3delta24 and Ad5/3-hTERT-E1A, which are identical except for the E1 region, the hTERT promoter seems to protect the liver from damage, perhaps through downregulation of E1A expression in nontarget tissues, as the selectivity of delta-24 type viruses occurs post-E1A-expression. This finding has relevance for Ad3-hTERT-E1 as the same promoter and virus design are used. Taking the mouse cytokine and toxicity data together with our previous data 14 and adding the finding that Ad3, 16 in contrary to Ad5 (ref. 31 ) and Ad5/3 (ref. 32) , does not seem to bind into erythrocytes in mice (Supplementary Figure S1 ) or in patients (Supplementary Table S1 ) it seems that Ad5/3 resembles more Ad5 than Ad3 from the point of view of toxicity in mice and binding to blood cells.
In oncolytic virus-treated patients, blood lymphocytes tend to drop to one-third of the pretreatment value in 1 day (Figure 1 and previous reports [25] [26] 33 ). One explanation for this is that these lymphocytes traffic to lymph nodes, spleen and to the tumor where the virus is injected. Thus, "lymphocytopenia" in blood could reflect redistribution of cells to tissues where they are needed for mounting an immune response, and could in fact constitute a surrogate for immunological activity, as reported in mice or in humans treated with another immunotherapeutic. [34] [35] [36] When measuring lymphocytes 3 weeks later they are normally back to pretreatment values [25] [26] 33 but this was not the case with Ad3-hTERT-E1A-treated patients that had received previous Ad5 treatments (Figure 1a) . These patients had some T-cells reactive against Ad3-hTERT-E1A already before treatment, but the median amount in blood did not change after the treatment (Figure 1b) . When antitumor T-cells were analyzed, changes compatible with trafficking to tumor or clonal replication were seen in many patients. Taken together, these finding raise the possibility that "priming" advanced cancer patients with Ad5 viruses and then "boosting" with Ad3 leads to immunological changes sufficiently prominent to be seen even in blood lymphocyte counts and that the effect is not only against the Ad3 virus (Figure 1a-c) . However, the right place to assess this would be the tumor, not the blood, which is important to keep in mind for future clinical approaches.
We did not see a trend between an increase in antitumor T-cells and treatment benefits. This may relate to (i) the blood being the wrong place to look at antitumor T-cells, (ii) us not knowing what the most relevant epitope is for each patient, (iii) the lack of surrogate endpoints for treatment benefits (the biggest impact of immunotherapy will ultimately be on survival but a randomized setting would be needed to measure this. Tumor size is not a good endpoint due to inflammatory swelling), (iv) a possible disconnect between induction of antitumor immunity and clinical benefit, perhaps mediated by immunosuppression, as proposed in the cancer vaccine field. 37 Preclinical studies have indicated that despite the presence of viral DNA in cancer cells, in vivo cell lysis and antitumor effect may be disabled. This phenomenon is not well understood but proposals implicate induction of antiviral interferon pathways 38 or intratumoral antibodies. 39 These phenomena might relate also to attenuation of cell-to-cell spread of the virus. Therefore, reactivation of virus residing dormant in tumors could result in therapeutic effects. In six out of nine patients Ad3-hTERT-E1A increased in serum and/or clot after Ad5 treatment. This suggests reactivation of replication in cancer cells or destruction of cancer cells containing Ad3 viruses or possibly both. In theory, Ad3-which is only 67% similar to Ad5 on the genomic level 40 -might have mechanisms for counteracting resistance mechanisms resulting in reactivation of the oncolytic effect. Alternatively, the high local concentration of virus resulting from intratumoral injection could overwhelm antiviral mechanisms. To investigate whether this finding was specific for Ad3 we analyzed Ad5 quantitative PCR before and after Ad3-hTERT-E1A treatment in patients who had previously been treated with an Ad5 virus and made the same observation suggesting a general phenomenon.
For effective transduction of distant metastases extended seroprevalance might be beneficial. If the dose was over 10 12 VP ample virus was usually detected in blood on the following day and it often persisted for at least 6 weeks. No correlation between dose and adverse reactions was seen. As dose-limiting toxicity was not seen either, even higher doses than 4 × 10 12 VP might be considered. Seven patients were safely treated by an intravenous injection (without intratumoral delivery) of Ad3-hTERT-E1A. Six were evaluable to efficacy and five of them showed signs of possible benefit. If this is confirmed in larger patient populations, one explanation could be that a large virus dose can overwhelm NAbs and other antiviral immunity. After treatment the NAb titer however increased exponentially and such response might compromise further systemic treatments with the same virus unless the virus is able to e.g., hitchhike on cells to avoid NAbs. 32 Alternatively, if opsonization by NAbs is a dynamic process, some virus might nevertheless have access to target receptors despite high NAb titers. When treating intratumorally NAbs are probably not an issue, but changing the serotype might nevertheless give an additive boost to the immune system (Figure 1) .
Roughly two thirds of the patients show some kind of objective evidence of possible antitumor activity. Trying to adopt RECIST or PET response criteria to oncolytic virus treatments likely underestimates the actual antitumor effect because of inflammation and tumor swelling, resulting in false diagnosis of tumor progression. 41 With regard to tumor markers, virus-induced S-phase can increase marker peptide production. 42 Following lysis, these proteins are released into blood, and therefore the amount of marker peptide in blood might no longer correlate with the number of viable tumor cells. Also increased metabolism due to virus infection might cause stronger PET signals, especially as activated lymphocytes preferentially use glucose for fuel, and PET imaging is based on uptake of labeled glucose. However, these evaluation criteria may not be completely useless as tumor control with these methods was associated with a survival benefit in our patient series.
In summary, Ad3-hTERT-E1A seems safe for treatment of cancer patients and therefore further clinical development seems indicated. Of note, the patients reported here were treated in a personalized therapy scheme and thus it would be important to confirm and expand the data in trials featuring more homogeneous patient populations. Immunologically the virus differs from serotype 5 viruses and changing the serotype might reactivate replication of the original treatment virus. Also, the ability of Ad3 to use desmoglein 2, found abundantly in advanced tumors, as a primary entry receptor, could be a benefit over CAR binding viruses. Combining serotype 3 viruses with trastuzumab, anti-EGFR or CAR dependent viruses is appealing due to the ability of Ad3 to open intercellular tight junctions. To further enhance the immunological effects of the virus arming with immunostimulatory molecules such as GM-CSF or CD40L might be beneficial. The apparently good safety of Ad3-hTERT-E1A provides a good starting point for development of such viruses.
MAterIAls And MetHods
Treatment protocol. Twenty-five cancer patients with advanced solid tumors, progressing after routine therapies, were treated. Patients with other severe diseases, brain tumors, severe thrombocytopenia (<½ lower normal limit) or clearly elevated liver enzymes (>3× upper normal limit) were not treated. All patients signed written informed consent. Ad3-hTERT-E1A14 was manufactured by Oncos Therapeutics (Helsinki, Finland). It was administered intravenously and usually also in ultrasound guidance in a personalized scheme ( Table 4) . Time-lapse dose escalation from 10 10 VP was utilized to maximize patient safety but minimize delays in enrolling new patients at potentially more effective higher doses. Dose could be escalated when sufficient time (typically 2 weeks) had lapsed (and relevant safety information collected) from the treatment of the first patient at that dose. Most patients were treated in a serial manner-three treatments with different viruses, every three weeks and many were also treated with concomitant low-dose cyclophosphamide 43 and/or low-dose pulse temozolomide. 44 This Advanced Therapy Access Program (ATAP) is regulated by Finnish Medicines Agency FIMEA as determined by EC/1394/2007, Good Clinical Practice and the Declaration of Helsinki. Side effects were graded according to CTCAE v.3.0. Patients were monitored overnight at the clinic and then as outpatients for 28d for adverse events. Survival and late adverse events were followed ad infinitum.
Human interferon-γ enzyme-linked immunosorbent spot. PBMCs were isolated from the blood by Percoll (Sigma, St Louis, MO) gradient. Cells were frozen in CTL-CryoABCTM serum-free media (Cellular Technology, Cleveland, OH). Enzyme-linked immunosorbent spot Pro was performed as instructed in the manufacturers (Mabtech, Nacka strand, Sweden) protocol. 200,000 PBMCs per well was used. For adenovirus enzyme-linked immunosorbent spot, cells were stimulated with HAdV-3 Hexon protein (ProImmune, Oxford, UK). For tumor enzyme-linked immunosorbent spot we used the following peptides: Survivin (BIRC5_PONAB), SSX2, CEA or PSA (ProImmune). PBMCs of each patient were stimulated with survivin and one rationally chosen peptide mix. No prestimulation or clonal expansion of PBMCs was done in this assay and thus the results indicate the actual frequency of these cells in blood.
NAb. A549 (ATCC, Manassas, VA) cells were seeded at 1 × 10 4 cells per well on 96-well plates and cultured overnight in Dulbecco's modified Eagle medium without fetal calf serum. Next day, human serum samples were incubated at 56 °C for 90 minutes to inactivate complement, and a fourfold dilution series (1:1-1:16 384) was prepared in serum-free Dulbecco's modified Eagle medium 45 . Ad5-luc8 and Ad3-luc45 was mixed with serum dilutions and incubated at room temperature for 30 minutes. Thereafter, cells in duplicates were infected with 100 VP per cell in 50 μl of mix, and 100 μl of growth medium with 10% fetal calf serum was added 1 hour later. Twenty four hours postinfection, cells were lysed and luciferase activity was measured with Luciferase Assay System (Promega, Madison, WI) using TopCount luminometer (PerkinElmer, Waltham, MA). Luciferase readings were plotted relative to gene transfer achieved with Ad5luc1 or Ad3luc1 alone. The NAb titer was determined as the lowest degree of dilution that blocked gene transfer >80%.
Evaluation of antitumor efficacy. CT and/or PET imaging was done before and after a serial treatment (three virus injections) or after a single treatment (S171). RECIST1.1 criteria are: PR (>30% reduction in the sum of tumor diameters), SD (no response/progression), PD (>20% increase 25 ). In addition MR was scored to indicate 12-29% reduction. For tumor markers the same percentages were used. For PET the following criteria were used 25: PR (≥30% decrease in summed SUVmax, up to five lesions counted, max. 2/organ), MR (10-29% decrease in summed SUVmax), SD (-9 to 29% change in summed SUVmax), PD (≥30% increase in summed SUVmax or ≥2 cm PET positive new lesion, except local lymph nodes whose signal might indicate immune reaction). The following experiments are described in Supplementary Materials and Methods: Ad3-hTERT-EIA qPCR, biodistribution and cytokine experiments, toxicity experiment and the Ad3-hTERT-E1A biodistribution.
suPPleMentArY MAterIAl Figure S1 . Ad3 biodistribution in mice. Figure S2 . Cytokines. Figure S3 . Ad3 toxicity in mice. Figure S4 . Reappearance of Ad3-hTERT-E1A in serum after Ad5 treatment. Table S1 . For the first two patients treated with Ad3-hTERT-E1A blood samples were taken as indicated to get preliminary information about the in vivo human biodistribution of the virus. Table S2 . Previous cancer treatments of the patients. Materials and Methods.
